Four derivatives have been isolated and identified in the reaction between 3(5)-methylpyrazole and p-benzoquinone.
Introduction
We [1] [2] [3] and others [4] [5] [6] [7] have studied the addition of N-unsubstituted azoles to p-benzoquinone. In the case of pyrazolyl derivatives, the resulting hydroquinones (1,4-dihydroxybenzenes) have been extensively used as ligands in coordination chemistry, [8] [9] [10] [11] and some biochemical studies of the reactivity of imidazole towards benzoquinone have been reported. 12 With the double purpose of studying the reactivity of p-benzoquinone towards an unsymmetrical pyrazole and to prepare new ligands we report in this paper the reaction between 3(5)-methylpyrazole and p-benzoquinone.
Results and Discussion
The reaction of 3(5)-methylpyrazole and p-benzoquinone afforded four compounds (1)- (4) in an overall yield of about 47% (calculated on disubstituted derivatives). The relative proportions are (1) 29%, (2) 16%, (3) 38% and (4) 17%. As we have discussed elsewhere, the formation of bispyrazolyl hydroquinones implies the oxidation of the mono adducts by p-benzoquinone. 1 H and 13 C NMR spectroscopies
The assignment of proton signals is reported in Table 1 . In the case of the pyrazole signals of compound 3, it is based on the fact that J 45 > J 34 (J 4'5' > J 3"4" ). 13 To distinguish between 2,3-and 2,5-disubstituted derivatives, we have used the criteria, previously established, that the pyrazole protons are shielded in the 2,3-bis derivative and slightly deshielded in the 2,5-one. 2 The chemical shifts of the OH groups deserve some attention. In CDCl 3 when the pyrazolyl substituent is coplanar with the benzene ring (compounds 1 and 4), the OH is strongly deshielded by the intramolecular hydrogen bond (IMHB) O-H···N and appears at 11 ppm. If there is no adjacent pyrazole ring (compound 1, 4-OH) or if the ring is almost perpendicular due to the steric requirement of another pyrazole (compounds 2 and 3), then the OH appears at 5-7 ppm. In DMSO, the IMHB disappear to be replaced by intermolecular O-H···DMSO hydrogen bonds and all the OH signals appear about 9-10 ppm.
The results concerning the 13 C NMR spectra are reported in Tables 2 and 3 . Assignments are based on previous studies on pyrazoles [14] [15] [16] and azolylhydroquinones. [1] [2] [3] In the solid state, using the CPMAS technique, we have recorded the 13 C NMR spectra of these compounds (Tables 2 and 3 ), all of them being very well resolved. Compound 1 does not present any anomaly; the splitting of C-5' should correspond to some amount of disorder in the conformation of the pyrazole ring. Although there is a 1-O-H···N IMHB present in this compound, some degree of freedom would remain. Compound 4, with its two IMHB's, should be planar and rigid: the CPMAS spectrum is very similar to that obtained in DMSO solution. Table 2 . 13 C NMR spectra (δ, ppm, J, Hz) of compounds (1) and (4). In solution, the rotational barrier being low, 2 both conformations are in rapid equilibrium at room temperature and only average signals are observed. In the solid state, depending on the crystallization, one of them or both can be present. In the case of 2, the simplicity of the CPMAS spectrum (Table 3 ) points out to a single conformation (probably the d,l which seems more usual). Concerning the relative amounts of the four compounds, the 3-methyl derivatives 1, 2 and 4 clearly dominate (they account for 62% of the total), but the presence of 38% of the mixed derivative 3 indicates that probably small amounts of pure 5-methyl derivatives have been lost. Table 3. 13 C NMR spectra (δ, ppm, J, Hz) of compounds (2) and (3).
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